
U.S. DEPARTMENT OF ENERGY JUNE 2005 
FINANCIAL ASSISTANCE 

PROPERTY CLOSEOUT CERTIFICATION 
Award Number 
DE-FG02-
06ER84591 

Recipient (Name and address) 
ADA-ES, Inc., 8100 SouthPark Way, Unit B, Littleton, CO 80120 

The purpose of this report is to facilitate the closeout of the Award. Based on the records maintained by the Recipient in accordance 
with the Property Management standards set forth in the Award, the following data reflects the Recipient's closeout inventory of real and 
personal property that was provided by the Department of Energy (DOE) or partially or wholly acquired with project funds. 

I. EQUIPMENT 

A. Federally-Owned: (Government Furnished Equipment): (10 CFR 600.133(a), 600.232, 600.322, or Federal Demonstration 
Partnership (FDP) General Terms and Conditions No. 33, as applicable): 13 No □ Yes 

(If yes, attach property inventory list that includes item description, manufacturer, model, serial number, original acquisition 
date, original acquisition cost and disposal condition code per the Federal Management Regulation 102-36.240) 

B. Equipment Acquired with Award Funds where Title Vests in the Recipient with further obligations to DOE: 

(10 CFR 600.133, 600.134, 600.232, or 600.321, as applicable) 

S No D Yes 

If yes, does the equipment have a per unit fair market value of $5,000 or more? D No □ Yes 

(If yes, attach a property inventory list that includes item description, manufacturer, model, serial number, original acquisition 
date, original acquisition cost, disposal condition code per the Federal Management Regulation 102-36-240 and one of the 
disposition codes listed below) 

(1) The property will continue to be used for the purposes authorized in the Award. 

(2) The property is no longer needed for the purposes of the Award, and will be used on another Federally sponsored 
activity (List Activity and Federal Agency): 

(3) The Recipient wishes to retain the property and compensate DOE for its share of the current per unit fair market value. 

(Identify the fair market value on the attached property inventory list and describe how the value was determined). 

(4) The property is no longer needed for the purposes of the Award or other Federally sponsored activities and the Recipient 

requests DOE disposition instructions. 

II. SUPPLIES (10 CFR 600.135, 600.233, 600.324, or FDP General Terms and Conditions No. 35, as applicable) 

Does the residual inventory of unused supplies exceed $5,000 in total aggregate value? ^ No D Yes (if yes, check block below) 

□ The supplies will be used on another Federally sponsored activity (List Activity and Federal Agency). 

□ The supplies will be sold or retained for use on non-Federally sponsored activities and the Recipient will compensate DOE for 
its share of the sales proceeds (or estimate of current fair market value). Attach a list of the supplies and complete the 
following Worksheet: 

Sale proceeds or estimate of current fair market value $ 
Percentage of Federal participation % 
Federal share $ 
Selling and handling allowance $ 
Amount to be remitted to DOE $ 
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U.S. DEPARTMENT OF ENERGY 

FINANCIAL ASSISTANCE 
PROPERTY CLOSEOUT CERTIFICATION 

REAL PROPERTY: (Real Estate -10 CFR 600.132, /600.231, 600.321, or FDP General Terms and Conditions No. 32, as 
applicable) E<] No DYes (If yes, complete A -C) 

A. Description of Real Property: 

B. Complete Address of Real Property: 

C. Period of Federal Interest in the Property: From To (Unless the award specifies otherwise, the 
Federal Interest in the property ends when the award project period ends.) 

D. Disposition Preference Request. If the period of Federal Interest in the property exceeds the project period, check one of 

the following blocks to indicate your disposition preference: 

□ Transfer property to another Federal award. 

[~] Sell and compensate DOE. 

□ Return to DOE. 

□ Retain title and compensate DOE for its share of the current fair market value of the property. 

Certification: I certify to the best of my knowledge and belief that all information presented in this report is true, correct and 

complete, and constitutes a material representation of fact upon which the Federal government may rely. 

Name Signature Title Date w 
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U.S. DEPARTMENT OF ENERGY 

FINANCIAL ASSISTANCE 
PROPERTY CLOSEOUT CERTIFICATION 

To be completed by the Department of Energy: 

DOE PROPERTY DISPOSITION 

D Negative Report 

□ Real Property: 

D Equipment: 

D Supplies: 

Property Management Official Name Signature Date 
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DOE F 2050.11 
(2-87) 
(Previous GC-792) 

ADA-ES 
Contractor 
DE-FG02-06ER84591 
DOE Prime and/or Subcontract Nos. 

Contractor hereby certifies that: 

PATENT CERTIFICATION 

□ Interim Certification 
Bl Final Certification 

OMB Control No 
1910-0800 

1. All procedures for identifying and disclosing subject inventions as required by the patent clause of the 
contract have been followed throughout the reporting period. 

2. There were no subcontracts 
except as follows: None 

or purchase orders invol ving research, development, and demonstration 

3. No inventions or discoveries were made or conceived in the course of or under this contract other than the 
following (Certification includes £3, does not include □ all subordinates): 

NONE 

TITLE INVENTOR DATE REPORTED 

4. The completion date of this contract is as follows: 3/28/2007 

5. The following period is covered by this certification: 

June 28 
Month Day 

ADA-ES 
Contractor 

8100 SouthPark Way 

Littleton, CO 80120 
Address 

2006 to 
Year 

March 28 
Month Day 

CJU 1U/ 
Signature 0 

3/12/2008 
Date of Certification 

DOE "S" NO.* 

2007 
Year 

*Also include Subcontract No. if applicable. 



FINANCIAL STATUS REPORT 
(Short Form) 

(Follow instructions on the back) 

1. Federal Agency and Organizational Element 
to Which Report is Submitted 

DOE/NETL 

2. Federal Grant or Other Identifying Number Assigned 
By Federal Agency 

DE-FG02-06ER84591 

OMB Approval 
No. 
0348-0039 

Page of 2 

pages 

3. Recipient Organization (Name and complete address, including ZIP code) 

ADA-ES, I n c . 
8100 SouthPark Way Unit B Littleton, CO 80120 

4. Employer Identification Number 
8 4 - 1 3 4 1 1 8 2 

5. Recipient Account Number or Identifying Number 6. Final Report 
□ Yes ENo 

7. Basis 
□ Cash 0 Accrual 

, Funding/Grant Period (See Instructions) 
From: (Month, Day, Year) 
0 6 / 2 8 / 2 0 0 6 

To: (Month, Day, Year) 

0 3 / 2 8 / 2 0 0 7 

9. Period Covered by this Report 
From: (Month, Day, Year) 
01/01/2006 

To: (Month, Day, Year) 

0 2 / 2 8 / 2 0 0 7 

10. Transactions: 
Previously 
Reported 

This 
Period 

Cumulative 

a. Total outlays o . o o 9 9 , 8 8 3 . 2 8 9 9 , 8 8 3 . 2 8 

b. Recipient share of outlays 0 . 0 0 0 . 0 0 0 . 0 0 

c. Federal share of outlays o . o o 9 9 , 8 8 3 . 2 8 9 9 , 8 8 3 . 2 8 

d. Total unliquidated obligations o . o o 

e. Recipient share of unliquidated obligations o . o o 

f. Federal share of unliquidated obligations 0 . 0 0 

g. Total Federal share (Sum of lines c and f) 9 9 , 8 8 3 . 2 8 

h. Total Federal funds authorized for this funding period 9 9 , 9 0 2 . 0 0 

i. Unobligated balance of Federal funds (Line h minus line g) 1 8 . 7 2 

11. Indirect 
Expense 

a. Type of Rate (Place "X"in appropriate box) 
□ Provisional □ Predetermined □ Final □Fixed 

b. Rate 
See A t t a c h e d 

c. Base 
See A t t a c h e d 

d. Total Amount 
5 5 , 4 6 2 . 1 0 

e. Federal Share 
5 5 , 4 6 2 . 1 0 

12. Remarks: Attach any explanations deemed necessary or information required by Federal sponsoring agency in compliance with governing 
legislation. 

13. Certification: I certify to the best of my knowledge and belief that this report is correct and complete and that all outlays and unliquidated 
obligations are for the purposes set forth in the award documents. 

Typed or Printed Name and Title 

Chuck Hoelzel Contracts Administrator 
Telephone (Area code, number and extension) 

(303) 3 3 9 - 8 8 7 0 

Signature of Authorized Certify] 

6Uu 
Date Report Submitted 

3V2- a 6 
Previous Editions not Usable Standard Form 269A# (REV 4-88) 

Prescribed by OMB Circulars A-102 and A-110 



FINANCIAL STATUS REPORT 
11. Indirect Expense 
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Direct Costs 

Direct Labor 
ODCs 
Third Party In-kind 

Accounting Period 
1/1/2006 

2/28/2007 

$19,020.48 
$25,400.70 

$0.00 

Total 

$19,020.48 
$25,400.70 

$0.00 
$44,421.18 

Indirect Expenses 

Overhead Costs(1) 

G&A Costs (2) 

Total Indirect Expenses 

Base 
$19,020.48 

Base 
$66,633.28 

Rate 
116.78% 

116.78% 

Rate 
49.90% 

Cost 
$22,212.10 

$22,212.10 

Cost 
$33,250.00 

$22,212.10 

$33,250.00 

$55,462.10 

Other Adjustments 
Overhead 
G&A 

$0.00 
$0.00 
$0.00 

Total Indirect Expenses Charged During the Quarter 

$0.00 

$55,462.10 

Federal Share of Indirect Expenses 

Direct Costs 
Labor 
ODCs 
Third Party In-kind 
Total Direct Costs 

$19,020.48 
$25,400.70 

$0.00 

Amount of Direct Costs Allocable to Government Billing (excludes third party costs) 

$44,421.18 

$44,421.18 

Indirect Costs 
Overhead 
G&A 

Total Indirect Costs (Box 11d) 

Billings to the Government 

Amount of Government Billings Applied to Direct Costs 

Amount of Government Billings Applied to Indirect Costs (Box 11e) 

Recipient Share of Indirect Costs 

$22,212.10 
$33,250.00 

$55,462.10 

$99,883.28 

$44,421.18 

$55,462.10 

$0.00 

Notes: 1. Applied to Direct Labor 
2. Applied to Direct Labor, Overhead and ODCs 
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Proprietary Application Information 
The data contained in pages 4-21 of this report have been submitted in confidence and contain 
trade secrets or proprietary information, and such data shall be used or disclosed only for 
evaluation purposes, provided that if this applicant receives an award as a result of or in 
connection with the submission of this application, DOE shall have the right to use or disclose 
the data herein to the extent provided in the award. This restriction does not limit the 
government's right to use or disclose data obtained without restriction from any source, 
including the applicant. 
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INTRODUCTION 
The DOE's National Energy Technology Laboratory (NETL) currently manages the largest 
research program in the country for controlling coal-based mercury emissions. NETL has shown 
through various field test programs that the determination of cost-effective mercury control 
strategies is complex and highly coal- and plant-specific. However, one particular technology 
has the potential for widespread application: the injection of activated carbon upstream of either 
an electrostatic precipitator (ESP) or a fabric filter baghouse. This technology has potential 
application to the control of mercury emissions on all coal-fired power plants, even those with 
wet and dry scrubbers. This is a low capital cost technology in which the largest cost element is 
the cost of sorbents. Therefore, the obvious solutions for reducing the costs of mercury control 
must focus on either reducing the amount of sorbent needed or decreasing the cost of sorbent 
production. NETL has researched the economics and performance of novel sorbents and 
determined that there are alternatives to the commercial standard (NORIT DARCO Hg) and 
that this is an area where significant technical improvements can still be made. 

In addition, a key barrier to the application of sorbent injection technology to the power industry 
is the availability of activated carbon production. Currently, about 450 million pounds ($250 
million per year) of activated carbon is produced and used in the U.S. each year—primarily for 
purification of drinking water, food, and beverages. If activated carbon technology were to be 
applied to all 1,100 power plants, EPA and DOE estimate that it would require an additional $1-
$2 billion per year, which would require increasing current capacity by a factor of two to eight. 
A new facility to produce activated carbon would cost approximately $250 million, would 
increase current U.S. production by nearly 25%, and could take four to five years to build. This 
means that there could be significant shortages in supply if response to new demand is not well-
timed. 

RESULTS AND DISCUSSION 
The current commercial activated carbon production process was designed to produce sorbents 
with specific pore size, surface area, and activation properties for use in removing impurities in 
water-treatment applications. The long processing times and high temperatures produce the 
desired properties for water treatment, but result in low yields of product. Both laboratory and 
field testing performed by ADA-ES indicate that regarding mercury control, this long processing 
time is unnecessary. Reductions in processing time and temperature result in less carbon being 
burned off, and a much higher yield and subsequent throughput. 

Results from the ADA-ES Phase I program show that non-traditional feedstocks can be used to 
produce very effective mercury sorbents. The original Phase I test plan proposed evaluating one 
lignite coal and pine as the feedstocks. The test plan was extended to include two lignite coals, 
two subbituminous coals, and pine. Subbituminous coals are a low-cost feedstock that has 
traditionally not been used to make activated carbon. Results show that all five feedstocks 
performed well, but varied in yield and mercury capture. Figure 1 shows the performance of 
these five materials compared to DARCO® Hg, an activated carbon with proven performance in 
full-scale tests, when tested at Presque Isle Plant on a slipstream of flue gas containing mercury. 
The Louisiana lignite was processed at two conditions. 
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Presque Isle PRB Flue Gas 
Average % Hg Removal for 30 Min. 

S46 MT PRB 30 min 

S47 ND Lignite 30 min 

S45 WY PRB 30 min 

S49 Pine 30 min 

S48 LA Lignite 30 min 

S51 LA Lignite 45 min 

DARCO Hg 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Figure 1. Slipstream Results from Presque Isle 

Using a test apparatus developed by ADA-ES, four other sorbents developed under the Phase I 
program performed better than the benchmark DARCOs Hg and two others were only a few 
percent less effective. All of these sorbents were processed at lower temperatures and much 
shorter times than the DARCO® sorbent, indicating that the long processing times are not critical 
for mercury capture in a flue gas. 

In addition, these ADA-ES sorbents also performed very well on a slipstream of flue gas 
containing 5 ppm SO3. These tests were performed using the same sorbent screening apparatus 
used at Presque Isle. At this second test site, PRB coal is burned and the flue gas conditioned 
with SO3. Figure 2 shows the results of these tests comparing the DARCO* sorbent with the 
ADA-ES sorbents developed in the Phase I program. The ADA-ES sorbents were not negatively 
affected during the first 30 minutes of testing. All of the sorbents including the DARCO * carbon 
declined in average sorption capability by 90 minutes. 
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5 ppm S03 PRB Flue Gas 
Average % Hg Removal for 30 Min. 

S50 MT PRB 45 min 

S46 MT PRB 30 min 

S47 ND Lignite 30 min 

S45WYPRB30min 

S49 Pine 30 min 

S48 LA Lignite 30 min 

S51 LA Lignite 45 min 

DARCO Hg 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Figure 2. Slipstream Results from a 5 ppm SO3 Site 

The specific technical objectives from the research are listed below along with a brief 
explanation of how each has been addressed. Full details regarding the Phase I project are 
discussed in the next section. 

• Determine processing steps required to make a sorbent that is cheaper and as effective as 
standard commercial activated carbon (NORIT DARCO Hg) at removing mercury from 
coal-fired power plants. 

During the Phase I multiple laboratory-scale samples of chars and activated carbons were 
prepared using primarily reduced-time conditions and/or low-cost feedstocks. Early in the Phase 
I project, a meeting with design engineers involved in full-scale activated-carbon manufacturing 
resulted is a shift from using the proposed "choke roast" method to focusing on developing a 
method that could be used in a plant with conventional multi-hearth furnace. This would allow 
the method to be used in both existing and new carbon manufacturing plants. A discussion of the 
processing conditions at full scale showed that high temperatures (e.g., 800-900°C) are in 
general, favorable because high temperatures result in faster processing of the material. A key 
cost savings is time, which results in greater throughput and more carbon produced for the same 
amount of time and energy. 
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The original Phase I test plan proposed evaluating one lignite coal sample and one pine sample 
as the feedstocks. However, the test plan was extended to include two lignite coals, two 
subbituminous coals, and pine. Subbituminous coals are a low-cost feedstock compared with 
lignite or bituminous coals that has traditionally not been used to make activated carbon. All 
five feedstocks were used to manufacture sorbents at specific conditions, resulting in seven 
sorbents that were used in field-testing. Six of the samples showed good mercury removal from 
a slipstream of flue gas at Presque Isle Power Plant, with four sorbents (3 feedstocks) showing 
removal higher than that achieved using the benchmark DARCO® Hg during the first 30 minutes 
(Figure 1). The other two were slightly less effective than the DARCO®. Equipment leaks 
prevented obtaining usable data on the seventh sorbent at this site. 

Preparations from three of the five feedstocks showed higher mercury removal compared to the 
benchmark sorbent DARCO® Hg during slipstream testing. Two showed slightly lower mercury 
removal. The Louisiana lignite samples prepared at two different activation times (30 and 45 
minutes) indicate that the other sorbents prepared using 30 minute activations may not have been 
activated long enough for optimal performance. All five feedstocks, when optimized, should be 
able to show equal or better mercury removal compared to the benchmark sorbent. 

All of these laboratory preparations had the following characteristics that will contribute to 
lowering the cost of mercury removal: 

• Increased yield 
© Faster processing time (increased throughput) 
• Equivalent or better mercury removal (4 of the 6 tested at Presque Isle) 

Also, the Wyoming PRB is a less expensive feedstock compared to lignite or subbituminous 
coals, so all other factors being equal, this should produce a much less expensive sorbent. 

« Make laboratory preparations, perform functional group analysis, and perform slipstream 
testing of candidate sorbents 

As described above, the laboratory preparations were made, and slipstream testing performed at 
two sites. During the process of manufacturing the sorbents, an aqueous reducing capacity 
titration method was used to characterize surface functional groups. This reducing capacity 
method was developed by Dr. Raymond Bisque, the Principal Investigator and Dr. George 
Rouse, a consultant to this project. 

The reducing capacity of the sorbents was correlated with mercury-removal data from the field 
tests and showed good correlation for both field sites, indicating that this method is a quick 
analytical tool for predicting mercury-removal capability. The conclusion from the laboratory 
analysis, supported by mercury-removal data, is that reduced surface oxidation is a key 
performance parameter that can be utilized to produce better and lower-cost powdered activated 
carbon. Figure 3 shows some of the data obtained from field testing at Presque Isle. 
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30 Minute Avg. Mercury Removal 
and Reducing Capacity® PIPP 

1 115 12 125 13 135 14 14 5 15 15 5 16 

Reducing Capacity (Meq/g) 

Figure 3. Reducing Capacity Titration Correlation with Mercury Removal at Presque Isle 

• Prepare a first-level analysis of the test data in terms of processing steps and economics in 
comparison to current manufacturing techniques for activated carbon. 

Analysis of the results from the Phase I testing show that reduced-cost sorbents can be 
manufactured that perform as well or better than the benchmark DARCOs Hg carbon. The 
following table outlines a comparison of feedstock costs, yield, processing time, and how this 
relates to production increase for the coal-based carbons. The pine-based carbon is more 
difficult to compare directly with coal-derived carbons due to the logistics of obtaining a steady, 
uniform supply of wood to a production facility. Table l shows that when using our proprietary 
ADESORB process, an increase in production by a factor of 2.1-3.8 can be achieved using 
lignite feedstock, with all other factors being equal. Increasing production (throughput) is a 
critical factor in cost savings because the capital equipment and energy remain relatively 
constant. The PRB coals have high yields and in addition, there would be a large cost savings 
due to the much lower cost of the coal feedstock compared to lignite. 

Table 1. Economic Comparison of Benchmark Carbon with ADESORB Sorbents 
Sorbent 

Benchmark 
S48, S5l.and 
S47 
S45, S50, S46 

Feedstock 

TX Lignite 
LA and ND 
Lignite 
WY and MT 
PRB 

Apx. Cost 
Feedstock 
(S/ton) 
$20-25 
$20-25 

$8-10 

Yield* (%) 

20% 
21-36% 

33-36% 

Processing** 
Time (hi) 

3 
1.5 

1.5 

Relative 
Production Rate 
Increase 
1 (basis) 
2.1-3.8 

3.7-3.8 

* Based on As-Received coal weight 
**Includes chairing and activation time 

As initially envisioned in the Phase I proposal, the ADESORB process was to involve a reduced-
time and reduced-temperature activation process in the form of a "choke roast," which would 
result in lower processing costs, and thus lower sorbent costs. The choke roast also provided a 
reduced oxygen processing atmosphere that increased the reducing capacity of the sorbents. For 
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full-scale production of the choke roast method to be feasible, existing full-scale equipment such 
as a multi-hearth furnace would need to be used. Discussions with engineering consultants about 
full scale activated carbon equipment resulted in a shift from the focus on reducing temperature 
to reducing time, increasing throughput, and decreasing feedstock cost. Reducing temperature 
using full-scale equipment would tend to increase process time, thereby reducing throughput, and 
would not necessarily result in a lower-cost sorbent. Also, the reducing environment created 
during a choke roast could be implemented in a full-scale vessel. 

In the Phase I program, two feedstocks were proposed. During early testing, ADA-ES decided to 
add three additional feedstocks to the test program; one North Dakota lignite, and two 
subbituminous coals from Wyoming and Montana. Subbituminous coals are not currently used 
in the activated-carbon production process, yet they are widely available and much less 
expensive than lignite or bituminous coals. 

Using the five feedstocks, conditions required to adequately remove volatiles (char) the material 
were determined in the laboratory. These tests were performed in a furnace with nitrogen purge 
gas keeping the oxygen level in the furnace low enough to prevent burning of the raw feedstock. 
The raw material was placed in crucibles in the furnace and heated to temperature until no visible 
fumes were produced. All coal samples were ground and sieved, and the 12 x 20 mesh fraction 
was then used for the charring and activation steps. The yellow pine shavings were used as-is. 
Table 2 lists the materials and processing ranges tested in the Phase I. 

Table 2. Phase I Feedstocks and Processing Conditions 
Feedstock 

Louisiana Lignite 
North Dakota 
Lignite 
Wyoming PRB 
Subbituminous 
Montana PRB 
Subbituminous 
Yellow Pine 
Shavings 

Charring 
Temperature 

(°C) 
500 - 700 
350 - 700 

350 - 700 

350 - 700 

350-700 

Charring 
Time 

(minutes) 
45 
45 

45 

45 

5-45 

Activation 
Temperature 

(°C) 
700 - 900 
700 - 900 

500 -900 

700 - 900 

500 -900 

Activation 
Time 

(minutes) 
5-45 
5-30 

5-45 

5-30 

5-45 

Activation 
Atmosphere 

Steam 
Steam 

Steam 

Steam 

Steam 

All five feedstocks were sent to a local laboratory for ultimate, proximate, and minerals analysis. 
This information was used to determine yield for the charring step and in the overall process, and 
to aid in finding the best conditions for complete charring without "over-roasting" the material. 
The goal in the charring step was to removal most of the volatiles (water and organics), and leave 
behind the ash and carbon in preparation for the activation step. 

Table 3 shows the results from some of the charring tests. Each crucible was placed in a 
preheated furnace and held at the desired temperature for the designated time. The sample was 
cooled by venting the furnace with cool nitrogen then removing the crucibles and cooling in an 
air-circulating chamber. The entries in bold are the samples used for the activation tests. 
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Table 3. Char Conditions and Results 
Feedstock 

Pine 
Pine 
Pine 
Pine 
Pine 

LA Lignite 
LA Lignite 

ND Lignite 
ND Lignite 
ND Lignite 

WY PRB 
WY PRB 
WY PRB 

MT PRB 
MTPRB 
MT PRB 

Charring 
Temperature (°C) 

350 
700 
500 
500 
500 

350 
700 

350 
500 
700 

350 
500 
700 

350 
500 
700 

Charring 
Time (min.) 

45 
45 
45 
15 
5 

45 
45 

45 
45 
45 

45 
45 
45 

45 
45 
45 

Char Yield 
(%) 

37.8% 
25.0% 
23.4% 
25.6% 
26.4% 

67.0% 
38.2% 

72.1% 
58.9% 
51.1% 

72.1% 
54.0% 
46.7% 

74.4% 
58.3% 
52.0% 

Percent Volatiles 
Removed (%) 

86.5% 
110.0% 
106.5% 
103.5% 
102.4% 

55.9% 
97.2% 

51.0% 
74.9% 
89.2% 

48.4% 
79.9% 
92.5% 

48.3% 
78.8% 
90.7% 

Activation Tests 
The activation tests were performed in a horizontal borosilicate tube inside a clamshell heater 
(Figure 4). The granular sample was weighed and placed in the tube so that the gas would flow 
over a thin bed of the sample. Hot nitrogen flowed through the bed during the process. When 
the bed reached the desired temperature, water was pumped into the inlet through a preheated 
section to create steam before the liquid reached the carbon. When the test was finished, the 
water was turned off and the sample cooled and weighed. 

Sorbent Manufacturing Apparatus - Small Scale Amounts 

Sample Pre-Heat Section 

Motes: 
1 Ml glassware is borosilicate. 
2 Gas temperature measured downstream of sample with a shielded type K TC 
3 Pre-heat section insulated and heated as necessary with heat tapes. 
d Enclosure fin heater controlled to 200 C 
5 Not to scale. 

Figure 4. Laboratory Activation Apparatus 

A variety of conditions and samples were tested in Phase I, resulting in 51 different sorbents. All 
of the sorbents were then tested for reducing capacity. Table 4 shows some of the results from 
the activation tests. All of the materials except for the Louisiana lignite showed a decrease in the 
reducing capacity above 800°C. 
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Table 4. Activation Conditions and Results 
Activation 
Number 

S3 
S7 

Sl l 
S15 
S36 
S3 5 
S49 
S28 
S23 

S31 
S32 
S38 
S37 
S48 
S51 
S34 
S33 

S10 
S14 
S40 

S47 
S27 
S22 

S17 
S18 
S44 
S43 
S45 
S30 
S25 

S4 
S8 
SI2 
S16 
S42 
S41 
S46 
S50 
S29 
S24 

Feedstock 

Pine 
Pine 
Pine 
Pine 
Pine 
Pine 
Pine 
Pine 
Pine 

LA Lignite 
LA Lignite 
LA Lignite 
LA Lignite 
LA Lignite 
LA Lignite 
LA Lignite 
LA Lignite 

ND Lignite 
ND Lignite 
ND Lignite 

ND Lignite 
ND Lignite 
ND Lignite 

WY PRB 
WY PRB 
WY PRB 
WY PRB 
WY PRB 
WY PRB 
WY PRB 

MT PRB 
MTPRB 
MT PRB 
MTPRB 
MT PRB 
MT PRB 
MT PRB 
MT PRB 
MT PRB 
MTPRB 

Activation 
Temperature (°C) 

500 
500 
700 
700 
800 
800 
800 
900 
900 

700 
700 
800 
800 
800 
800 
900 
900 

700 
700 
800 

800 
900 
900 

700 
700 
800 
800 
800 
900 
900 

500 
500 
700 
700 
800 
800 
800 
800 
900 
900 

Activation 
Time (min.) 

15 
45 
15 
45 
5 
15 
30 
5 
15 

15 
45 
5 
15 
30 
45 
5 
15 

15 
45 
5 

30 
5 
15 

15 
45 
5 
15 
30 
5 
15 

15 
45 
15 
45 
5 
15 
30 
45 
5 
15 

Total 
Yield (%) 

22.9 
22.9 
19.2 
17.4 
19.1 
18.0 
15.7 
17.1 
14.5 

34.4 
31.6 
33.7 
29.9 
27.2 
21.2 
31.9 
27.7 

45.5 
38.1 
45.1 

36.0 
42.2 
39.4 

42.1 
37.0 
42.2 
39.3 
33.7 
39.3 
33.2 

49.6 
49.9 
40.5 
39.2 
47.0 
42.2 
36.5 
33.3 
42.8 
36.2 

Reducing 
Capacity (meq/g) 

5.8 
4.6 
12.7 
13.8 
14.1 
14.6 
15.3 
9 
13 

6.9 
8.4 
8.0 
12.1 
15.2 
15.9 
8.1 
9.5 

10.6 
10.6 
7.6 

12.7 
8.5 
8.5 

8.9 
12.0 
5.7 
7.2 
12.4 
8.0 
8.9 

2.8 
3.6 
10.4 
11.6 
6.4 
8.8 
11.5 
13.7 
5.5 
5.8 
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Analytical Methods 
Prior to the Phase I project, ADA-ES developed a proprietary surrogate screening procedure 
(reactivity titration) for activated carbon and other sorbents that can be used as a relative 
indicator of in-situ sorbent performance. It was developed by comparing full-scale and 
slipstream sorbent-screening performance data to laboratory aqueous titrations. 

This analytical method reacts only on the most readily available surface electron donors at room 
temperature for a short time period. Higher-temperature processes over longer time periods yield 
even more reduction. The ADA-ES reducing capacity titration is a very useful pre-screening 
tool that was used during Phase I to measure the degree of activation of the sorbents. Initial 
measurements on the sorbents created in the lab showed a correlation between increased 
activation time and/or temperature and reducing capacity (Table 4). 

Specific activated samples were also sent out for surface area and pore volume measurement. 
The Langmuir surface area is based on a monolayer coverage of the solid surface by the 
adsorptive. The t-plot method is used to determine the external surface area and micropore 
volume of the material. The BJH method is used for determining pore size distributions using 
the Kelvin model of pore filling. It applies only to the mesopore and small macropore pore sizes. 

Figure 5 shows how the surface area measurements correlate with the reducing capacity 
described earlier. All three surface area measurements correlated well with increasing reducing 
capacity. This result was expected, due to the reducing capacity being a measurement of surface 
reactivity. An interesting outcome from these tests is the high surface areas of the ADESORB 
sorbents, even though they were activated for relatively short times. 

500 

400 

Reducing Capacity vs . Surface Area 

10 12 14 
Reducing Capacity (meq/g) 

Langmur Surface Area ■ Micro Surface Area Meso/Macro Surface Area 

Figure 5. Surface Area vs. Reducing Capacity 
Figure 6 shows the correlation between pore volume and reducing capacity. The pore volume 
contribution from meso- and macropores is very close to the micropore volume. 
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Figure 6. Pore Volume vs. Reducing Capacity 

Field Testing - Sorbent Screening Device 
The entries in bold from Table 4 were used in the field tests in January 2007. To compare the 
sorbents on equal terms, the ones processed at 800°C and 30 minutes were chosen for field 
testing. Two additional sorbents activated for 45 minutes were also chosen to test the effect of 
activation time on mercury removal. 

The In-Probe Sorbent Screening device (Figure 7) was used in the field tests. This Figure shows 
the device installed in Unit 9 probe box at Presque Isle. 

Figure 7. Sorbent Screening Device Installed at Presque Isle 

A small amount of the powdered activated carbons were mixed with sand to create the test beds. 
The beds were loaded with the test material in the laboratory at ADA-ES, sealed, and shipped to 
the test sites. After calibration of the CEM, the test bed was placed in the sorbent holder portion 
of the screening device. The device consists of a dilution module, critical orifice, filter and 
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sorbent bed. The device was inserted into the probe box and connected to existing lines. The 
lines from the original dilution module were capped off and connected to the sorbent screening 
dilution module. In this configuration the sample flue gas flow was directed through the sorbent 
bed and down to the CEM via a hot line. The CEM reads the mercury concentration as normal. 
A rough schematic is shown in Figure 8. The area outlined in red is the Sorbent Screening 
device. The remainder is part of the Thermo Electron Probe box. 

Flue Gas Sample > " 

Sorbent Screening Probe 

Setup 

Soibent Bed Orifice 

Soibent 
Screening 

,X)evice 
Vacuum Line 
Sample Line 
Dilution Air Line 

Figure 8. Schematic of the Sorbent Screening Device 

Field Testing - Presque Isle 
We Energies* Presque Isle Power Plant is the site of a DOE Clean Coal demonstration project 
being conducted under a cooperative agreement with Wisconsin Energy Corporation and the 
Department of Energy (DOE). The primary goal of this project is to reduce mercury emissions 
from three 90-MW units. ADA-ES is involved in the testing phase of this project with We 
Energies. This site has a permanent activated-carbon silo and two mercury CEMs installed to 
monitor mercury-removal performance. 

We Energies agreed to allow testing of the Phase I sorbents at Presque Isle in January, 2007. 
These tests were performed at the inlet CEM probe upstream of the PAC injection point. An 
average of the mercury removed for the first 30, 60, then 90 minutes was measured. DARCO 
Hg activated carbon was also tested in the device as the benchmark carbon. This material has 
been used at Presque Isle since January, 2006 and has been successful at removing mercury from 
the flue gas. The starting concentration was averaged at 7.5 ug/m based upon data taken before 
and after the tests. Figure 9 shows a comparison of the removal for the first 30 minutes of the 
test. Four of the ADA-ES sorbents showed higher average removal compared with the 
DARCOB Hg for the same time period. Two of the sorbents showed slightly less removal. The 
seventh sorbent (MT PRB at 45 minutes activation) tested had leakage issues so no data is 
available for that material. 

This data shows that there is some small effect on mercury removal when the Louisiana lignite 
was activated for 45 minutes vs. 30 minutes, although both did very well in comparison with the 
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other sorbents and DARCO* Hg. The pine-based sorbent and the Wyoming PRB-based sorbent 
also performed very well, even with the short activation time. 

Presque Isle PRB Flue Gas 
Average % Hg Removal for 30 Min. 

S46 MTPRB 30 min 

S47ND Lignite 30 min 

S45WYPRB30min 

S49 Pine 30 mm 

S48 LA Lignite 30 min 

S51 LA Lignite 45 min 

c 

DARCOHg 

/ / / 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Figure 9. Presque Isle Results - 30-minutc Average Removal 
Figure 10 shows the average removal data for the 90-minute test. The DARCO1 Hg showed 
consistent removal for the duration of the test, with a slight reduction in overall removal after 90 
minutes. The sorbent S51 showed an increase in overall removal during this test. Most of the 
ADA-ES sorbents showed an initial period of decreased removal, which may be due to 
conditioning of the surface with moisture or chlorine species. 

Overall, three ADESORB carbons showed improved removal when compared to DARCO* Hg 
in a PRB coal slipstream. All of these sorbents were processed at lower temperatures and much 
shorter times than the DARCOE sorbent, indicating that the long processing times are not critical 
for mercury capture in a flue gas. 
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Presque Isle PRB Flue Gas 
Average % Hg Removal for 90 Min. 

S46 MT PRB 30 min 

S47ND Lignite 30 min 

S45 WY PRB 30 min 

S49 Pine 30 min 

S48 LA Lignite 30 min 

S51 LA Lignite 45 min 

DARCO Hg 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Figure 10. Presque Isle Results - 90-minute Average Removal 

Field Testing - 5 ppm SOj Site 
In addition, these ADA-ES sorbents also performed very well on a slipstream of flue gas 
containing 5 ppm SO3. These tests were performed using the same sorbent-screening apparatus 
used at Presque Isle. At this plant, PRB coal is burned and the flue gas conditioned with SO3. 
Figure 11 shows the results from these tests comparing the DARCOS sorbent with the ADA-ES 
sorbents. 

The ADA-ES sorbents were not negatively affected during the first 30 minutes of testing, and all 
performed better than the DARCOs Hg under these conditions. During these tests, the one 
sorbent that had leakage issues at Presque Isle performed very well (S50 MT PRB 45 minute 
activation), which had been expected based upon the reducing capacity values measured earlier. 
All of the sorbents including the DARCO* carbon declined in average sorption capability by 90 
minutes (Figure 12). Five of the seven ADESORB carbons performed as well or better than the 
DARCO6 He for the 90-minute test. 

The reducing capacity of the sorbents was correlated with mercury-removal data from the field 
tests and showed good correlation for both field sites, indicating that this method is a quick 
analytical tool for predicting mercury-removal capability. The conclusion from the laboratory 
analysis, supported by mercury removal data, is that reduced surface oxidation is a key 
performance parameter that can be utilized to produce better and lower-cost powdered activated 
carbon. Figures 3 (previous) and 13 shows the correlation between mercury removal and 
reducing capacity from testing at Presque Isle for the 30-minute and 90-minute average removal. 

"This page contains Confidential Proprietary Information" 15 



Final Report ADA-ES. Inc. 

5 ppm S03 PRB Flue Gas 
Average % Hg Removal for 30 Min. 

S50 MTPRB 46 min 

S46 MT PRB 30 min 

S47ND Lignite 30 min 

S45WYPRB30min 

S49 Pine 30 min 

S48 LA Lignite 30 min 

S61 LA Lignite 46 min 

DARCO Hg 

i -"- ■-'■ ■ ' ' ■ " " '■'■"■ 

x
1 / / y~~Z / / / 

0% 10% 20% 30% 40% 60% G0% 70% 80% 90% 100% 

Figure 11.5 ppm SO3 Flue Gas Results - 30-minute Average Removal 

6 ppm S03 PRB Flue Gas 
Average % Hg Removal for 90 Min. 

S50 MTPRB 45 min 

S46 MTPRB 30 min 

S47ND Lignite 30 min 

S46WYPRB30min 

S49 Pine 30 min 

S48 LA Lignite 30 min 

S51 LA Lignite 45 min 

DARCO Hg 

^ 1 / 121 ~2L 
0% 20% 60% 80% 

Figure 12. 5 ppm SO3 Flue Gas Results - 90-minute Average Removal 
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90 Minute Avg. Mercury Removal 
and Reducing Capacity @ PIPP 

90 

— 
O 
E 
u. 50 

& 
| 40 

5 ,0 

LA Lignite 
S50 0 

. 

O 
MT PRB S46 

Darco Hg O 

.— o~ 
WYPRBS45 

" " ^ N D Lignite S47 

y = 5 1686x-8 8265 
R- - 0 6295 

" " ^> PineS49 

— o 
LA Lignite S48 

Reducing Capacity (Meq/g) 

Figure 13. Reducing Capacity Correlation with 90-Minutc Mercury Removal at Presque 
Isle 
Figures 14 and 15 show the correlation between mercury removal and reducing capacity from 
testing at the medium-S03 site for the 30-minute and 90-minute average removal. 

30 Minute Avg. Mercury Removal 
and Reducing Capacity @ 5 ppm S03 Site 

E 
o 50 

£> 
= 40 

LA Lignite S48 
O LA Lignite S50 

o o 
Darco Hg ND Lignite S47 

y = 35177x»27 427 

Reducing Capacity (Meq/g) 

Figure 14. Reducing Capacity Correlation with 30-Minute Mercury Removal at a 5 ppm 
S03 Site 
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90 Minute Avg. Mercury Removal 
and Reducing Capacity @ 5 ppm S03 Site 

Reducing Capacity (Meq/g) 

Figure 15. Reducing Capacity Correlation with 90-Minute Mercury Removal at a 5 ppm 
S03 Site 
Field-test results from both sites show that the Louisiana lignite, North Dakota lignite, pine, and 
both PRB feedstocks have the potential to produce excellent mercury sorbents using the 
ADESORB process. These five materials performed as well as or better at removing mercury 
from flue gas than the benchmark DARCO® Hg carbon. 

Economics 
Total cost of mercury control with ACI injection includes annual operating and maintenance 
costs and capital costs. The annual O&M costs are a strong function of the required ACI 
concentration and sorbent material cost but there are additional costs for non-hazardous PAC 
disposal and ancillary operating costs such as electric power usage and O&M labor and spare 
parts. Economic analysis for several long-term ACI mercury control demonstrations indicate 
that PAC consumption costs are about 75% of the total mercury control costs when calculated on 
a twenty-year levelized cost basis (Jones, et al., 2006). Therefore, the most important driver to 
total mercury control costs is the sorbent costs that this program is addressing. 

Analysis of the results from the Phase I testing show that reduced-cost sorbents can be 
manufactured that perform as well as or better than the benchmark DARCO8 Hg carbon. The 
following table outlines a comparison of feedstock costs, yield, processing time, and how this 
relates to production increase for the coal-based carbons. The pine-based carbon is more 
difficult to compare directly with coal-derived carbons due to the logistics of obtaining a steady, 
uniform supply of wood to a production facility. Table 5 shows that by using the ADESORB 
process, an increase in production by a factor of 2.1-3.8 can be achieved using lignite feedstock, 
with all other factors being equal. Increasing production (throughput) is a critical factor in cost 
savings because the capital equipment and energy remain relatively constant. 
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The PRB coals also have high yields and in addition, there would be a large cost savings due to 
the much lower cost (at least 40% of the cost of lignite) of the coal feedstock compared to 
lignite. Just using PRB coals as feedstock, even with no related production increase, would 
significantly reduce the cost of mercury sorbents. Factoring in the nearly 4X production increase 
using the ADESORB process conditions will reduce the cost of these sorbents even more. 

Table 5. Economic Comparison of Benchmark Carbon with ADESORB Sorbents 
Sorbent 

Benchmark 
S48, S51.and 
S47 
S45, S50, S46 

Feedstock 

TX Lignite 
LA and ND 
Lignite 
WY and MT 
PRB 

Apx. Cost 
Feedstock 
(S/ton) 
S20-25 
S20-25 

$8-10 

Yield* (%) 

20% 
21-36% 

33-36% 

Processing** 
Time (hi) 

3 
1.5 

1.5 

Relative 
Production Rate 
Increase 
1 (basis) 
2.1-3.8 

3.7-3.8 

* Based on As-Received coal weight 
**Includes charring and activation time 

The Phase I research effort shows that the cost of removing mercury using ADESORB process 
and sorbents will meet the DOE's targeted goal of 25% less than that of the baseline cost, 
$60,000 per pound of mercury removed (a cost that includes not only the cost for producing the 
sorbent, but also the cost of transportation, handling, feeding, and waste handling). The 
ADESORB process resulted in mercury-specific sorbents that performed as well as or better than 
the benchmark DARCO8 Hg carbon, and showed significant cost savings due to much higher 
production throughput and in certain cases, a much less expensive feedstock. 

Under the Clean Coal Power Initiative project, We Energies discovered conditions in March 
2007 that were conducive to the creation of excessive heat generation from the PAC-fly ash 
mixtures collected in fabric filter hoppers. In a presentation titled "Balance of Plant 
Considerations for TOXECON™ Mercury and Multi-Pollutant Control Projects" at the Electric 
Power 2006 Conference, We Energies reported that they experienced overheating of a mixture of 
PAC and Powder River Basin (PRB) ash in the hoppers of their TOXECON™ baghouse at the 
Presque Isle Power Plant in Marquette, MI. At this site, activated carbon was injected into a 
pulse-jet baghouse that was located downstream of the existing hot-side electrostatic 
precipitators. The hopper ash was a mixture of about half PAC and half PRB ash with an LOI of 
nominally 30%. Burning embers were found in the hoppers after several weeks of operation. 

ADA-ES is currently managing the testing portion of the TOXECON™ demonstration program, 
so is fully aware of the impact of this behavior by powdered activated carbons. An investigation 
by ADA-ES in 2006 determined that auto-ignition due to heat of oxidation was a primary cause 
of the overheating in the hoppers. This phenomenon can be described using the Frank-
Kamenetskii Model of auto-ignition. The auto-ignition temperature of carbonaceous materials is 
affected by ambient temperature, bed size, and ambient oxygen concentrations. 

ADA-ES has performed numerous tests in the laboratory on PAC and various PAC/ash mixtures 
to determine the auto-ignition characteristics of these materials at conditions typically found at 
coal-fired power plants. Figure 17 shows the temperature profile for DARCO8 Hg. In this test, 
pure DARCO* Fig was placed in a 6-inch carbon steel box equipped with three thermocouples 
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and a carbon monoxide monitor. The box was placed in a mechanical convection oven 
circulating room air. The oven temperature was set to 443°F for the duration of the test. The 
carbon heated to oven temperature, then after a period of time, rapidly ignited, resulting in a 
glowing combustion in the bed. Carbon monoxide was produced in small amounts initially, and 
then went off scale at the onset of combustion. This finding was significant because the 
DARCOs Hg carbon has an ignition temperature of 850°F, so the process of overheating was not 
immediately understood. 

Frank-Kamonotskii Tost - 6" Cube 
1400 g DARCO Hg, LOI 68.8% 
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Figure 16. Auto-ignition Test Using DARCO Hg Carbon 

ADA-ES will perform auto-ignition tests in the laboratory on ADESORB carbons from the pilot-

scale tests. The auto-ignition temperature of the ADESORB carbons will be determined for at 
least two bed sizes and compared with DARCO8 Hg. 
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CONCLUSIONS 
The purpose of the Phase I project was to demonstrate a modified carbon activation process to 
create lower cost sorbents specifically for the mercury market. The majority of activated carbon 
produced to date is for the water and beverage purification market and is not optimized for 
mercury removal from flue gas. All of the technical objectives were met or exceeded during 
Phase I. 

* 
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